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By E. iiuttray 

SUMMARY 



The new downwaBh measurement 8 behind a tapered wing 
with parallel center Bectlon described in the present re- 
port can he "brought into good agreement with theoretical 
calculations if made on the basis of not-r olled-up vortex 
sheet and allowance is made for the lowering of the sheet. 
The test values are about 1° higher than the "upper limit 11 
established for it, as against approximately 0.5° in the 
earlier tests behind a rectangular end elliptical wing. 
The measurements on lateral axes, especially If lying be-' 
low the wing on a level with the vortex train, disclosed 
In accord with the lift distribution, a marked change In 
angle over the span of the tail in contrast to the rectan- 
gular and elliptical wing. 

The downwash measurements on the low-wing model with- 
out propeller running indicate only a minor effect of fuse- 
lage on the downwash with "ideal" fuselage in comparison 
to "wing alone." But for "angular" fuselage, tho effect, 
even though it also extends only over a comparatively nar- 
row width, is quite pronounced, that is, in the sense of 
an improvement in static longitudinal stability. 

The downwaBh measurements on low-wing models with pro- 
peller running disclose a very strongly expressed slipstream 
twist In vicinity of the tall despite the rectifying effeot 
of the wing. There are other disturbed downwash cones to 
both sides of thiB twist region. The prefix of the dis- 
turbances - of different extent to left and right - is in 
these zones the opposite of that of the slipstream twiBt. 



* "Unter suchungen uber den Abwlnd hinter einem Trapesflugel 
mlt Bumpf und Schraube." Luf tf ahrtf or schung , vol. 15, no. 
3, March 20, 1938, pp. 101-122. 
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The downwash di stribution over a' lateral axie approxi- 
mately in tail vicinity - the same holds for the velocity 
distribution in the slipstream also - becomes very asym- 
metrical with increasing angle of attack as a result of the 
yaw of the propeller. 

The magnitude of supplementary angle of downwash aver- 
aged over a span of ±0.3 of that of the wing, with propel- 
ler running (compared to model without it) amounts at the 
most (at maximum angle of attack and maximum propeller 
loading) to no more than about 1.5° at wing level. For 
fixed angle of attack the angle of additional downwash 
grows linearly with the propeller loading. It is greater 
on .the low-wing model with anglular fuselage than on that 
with ideal fuselage. It is - like the mean angle of down- 
wash of the low-wing models without propeller - materially 
influenced by the height level of the tail. 

In a stability comparison of both models at equal full 
throttle polar, the model with angular fuselage is superior, 
the consideration concerning an airplane of conventional 
design, that is r in our case, with body-fixed horizontal 
tail surface. Again thi.a is primarily associated with the 
dissimilar course of the mean angle of downwash on the 
height level of the tail. 

With aBSumedly wind-fixed horizontal tail surface, 
i.e., constant levol e_ at increasing a, the stability 
increases enormously. I further increase may be looked for 
if, with changing a. not only the tail but the "fuselage 
with slipstream" as well remain wind-fixed (say by changing 
the wing Incidence relative to the fuselage). 



A. INTRODUCTION 



Earlier studies on the downwash behind wings of rec- 
tangular and- elliptic plan form (reference 1). related to 
the question of dependence of downwash bohind a wing on the 
data of the wing alone, whereby temporarily, to bo sure, 
merely different plan forms were included in the investiga- 
tion. It was found that tho downwaBh coefficients differed 
considerably in correspondence with tho different lift dis- 
tributions of the oxplored wings. The present investiga- 
tion was to treat other essential factors governing the 
magnitude of the downwash t They are particularly: the fu- 
selage and the propeller slipstream. As iThe present lnves- 
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tigation was to follow an. closely as possible the previous 
studies,, a wing of different plan-form without twist was 
chosen purposely. . --. ~- - ---- 



B. M0D3L DESCRIPTION AND POLAHS OjT THE 
M0D3LS ' WITHOUT tBOLPELLE-R BUNNINO: ' 

The three-piece tapered wing with rectangular center 
section and rounded tips is illustrated in figure 1. The 
employed ' Gottingen airfoil section No. 747 is a pure 

Joukowsky airfoil with — = 0.10 and — = 0.125. The 

ta 1 1 

taper ratio Is — = 0.333, the ratio of center-Bection 

span to total wing span is -r— = 0.17. The choice of these 

o 

particular ratios was prompted by the desire for an approx- 
imately elliptic lift distribution (reforence 2). The span 
of the modol was 1.0 m. 

The described wing was successively fitted with dif- 
ferent bodies in low-winf arrangement, as indicated in 
fif-ure 1. The "angular body" resembles in its design that 
commonly used in airplane construction, while the "ideal 
body" evinces a progressive transition from maximum body 
height to profile chord of the wing. Body and fillets 
wore in ono pieco and on tho low wing with ideal body took 
the placo of the rectangular cen,ter section. . 

The axis of the angular body which coincides with the 
propeller axis has a 3° incidence relative to the jprofile 
chord of the wing. The choice for this rather large angle 
was prompted by the desire to bring but the flow around 
the wing and thus emphasize' the downwash. The shape of the 
so-called " ideal " body" on' the other hand was to avoid such 
flows as much as possible The lateral contour of the ideal 
body resulted, according to previously applied method (ref- 
erence 3), from the streamline pattern of "wing alone," 
i.e., it was adapted to the flow around the wing prescribed 
for a certain angle of attack of the Tying, which amounted 
to 3° , corresponding to a value of c^ = 0.9. For "wing 

alone" and for "low wing with ideal body" this angle of ■ 
attack accordingly had to give approximately the same lift 
c a . ' And the polar a (fig. 2) confirm thi s : expectation quite 
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closely. But on the "low wing with angular body" by reason 
of form and incidence of the body relative to the wing an 
equal c a value of "wing alone" and "wing with "body" was 
not to occur until at a higher angle of attack. This angle 
lies at around a = 9° according to the polars of figure 2. 

The comparatively large angle of Betting of the "angu- 
lar body" necessitated on the low-wing model a small cut- 
away at the trailing edge which, however, could have had no 
special effect on the polar and the downwash conditions. 
Inversely the wing area of the "low-wing- model with ideal 
body" is increased through the wing roots. The differences 
in the c a ma3C values of the polars are probably connected 

with it. 

The propeller is mounted approximately at l/4 of half 
the propeller diameter over the wing cliord and at about 3/4 
of the diameter ahead of the wing center. ' The inclination 
of the propeller azlB to the profile cnord on both low-wing 
models is 3° in the sense of an air flow of the pressure side 
of the profile through the slipstream. The propeller diam- 
eter is equal to 0.2 b (b = span of model), the ratio of 
swept-disk area to wing area is 1:4.5. The counter-clock- 
wise rotating propeller is of the type S x ? a & 1 pj from 
N.A.C.A. Technical Report No. 141 (referenco 4). The pitch 
is H = 0.7 D (fig. 3).. Neither the performance coefficients- 
nor the slipstream deflection or twist were measured on the 
propeller running by itself. The characteristic curves 
(fig. 4) of the propeller running alone were taken from 
N.A.C.A. Report No. 141 (reference 4). The dashed curve 
indicates the k_ values based respectively on tho polar 
of the "low-wing 1 " model with ideal fuselage and the c w 
values of figure 7. 

The forces with propeller running were measured at 
seven angles of attack. Lift, drag, and pitching moment 
were measured at increasing r.p.m., including the r.p.m. 
range between zero thrust and stopped propeller (once ver- 
tical, once horizontal). 



0. TEST PROCEDURE AND EVALUATION 



In contrast with the earlier measurements (reference 
1), which were carried out in tunnel I of 2.25 m diameter 
at the A7A Q-ottingen, the present measurements were made 
in "small tunnel" (tunnel II) of the A7A. Having enlarged 
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the open Jet with an elliptic nozzle of 1.6 m width and 
1.05 m depth It waB possible to retain the same model span: 

b ="i;o m:- ----- . . . . _ 

Because of the small jet section of 1.2 nfas compared 
to the 4.0 m a of tunnel I with 2.25 m diameter, the correc- 
tions, necessary for reducing the data from the "small tun- 
nel" to infinitely great stream section were of course sub-? 
stantially greater. Tneso were computed on the basis of 
the report by I . Lotz 'on the- corrections of dowhwash in the 
opon jet of elliptic soction (reference 5), whereby the lift 
coefficient of the "wing alone"- served as a basis for equal 
angle of attack of the models "wing alone," "wing with fu- 
selage" and "wing with fuselage and propeller running". 

The downwash factors are presented. in a nondimensi onal 
system of coordinates, with itB zero point in the aerodynam- 
ic* center of the mean line of the wing. In the separate 
graphs of the angles of downwash for "wing alone" these an- 
gles are, as in the earlier investigations (reference 1) al- 
80 given nondimensi onally. It is 

I is distance of the test point from the bound vor- 
tex in direction of the longitudinal axis down- 
stream 

q, distance of test point from the plane of symmetry 
of the wing in lateral axis direction (+ q = 
starboard wing) 

h, distance of test point in vertical axis direction 
(+ h = suction side, - h = pressure side) 

fe i = bTT c * = 57a " * h = b7i ■ dlfltance factor8 



— , coefficient of downwash 
a i . 

The reason for plotting the angles of downwash on the 
low-wing models in radians was due to the fact - as the 
test data will prove - that in the downwash the twlBt of 
the slipstream Is very pronounced, whereas there 1b no rea- 
son to refer the Bame additional downwash duo to twist at 
variable lift and equal coefficient of advance to the vari- 
able, induced angle of attack. 
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The first downwaph measurements behind the models 
without propeller running were made with small silk threads 
because the dual tube downwash recorder used in the earlior 
studios (reference 1) was not available, though it did ar- 
rive in time for the teste on models with propeller running. 
To afford a better comparison of the test data "with" and 
"without propeller running," a great portion of the down- 
wash measurements behind the models "without propeller run- 
ning" were repeated with the dual tube downwash recorder.* 
At this place only a very few of the comparative curves 
plotted by the two methods will be shown, while for the 
rest the more exact results achieved with the dual tube in- 
strument will be given. 

Tigure 5 illustrates - nondimensionally - for "wing 
alone" the results obtained on three lateral axes at dis- 
tance €j = 1*0 from the wing. The agreement is, in general, 
good, except for the lateral axis in the pr e a sure- side posi- 
tion Ejj =-0.2, where greater discrepancies exist. 
The cause of this is that this lateral axis lies exactly 
at the height of the maxinum downwash values, as seen from 
figure 6. It includes, for instance, the comparison between 
thread measurement and dual tube record for a vertical axis 
located at distanco = 1.0 for = 0.12. It is seen 

that the points of the thread measurements in proximity of 
the maximum values were figured as one-sided scattering 
points, resulting in the dashed curve. (The peak in the 
vertical -axis curves was not expected after the results of 
the earlier measurements on the elliptical and rectangular 
wing (reference 1). (Cf. fig. 15.)) The air speed for these 
downwash measurements was v = 21.0 m/s. 



D. H33ULTS 
I. JOHCS MIASURILflEJTTS 



The results of the force measurements are shown non- 
dimensionally in figures 7 to 9 for the "low wing with ideal 
fuselage" and in figures 10 to 12 for "low wing with angular 
fuselage" plotted against the reciprocal value of the coef- 

1 u 

f icient of advance — = — . The graphs for c a and c v 

^ v 

♦Some special experiences gained with this instrument are 
to be published in "Luf tfahrtf or schung. " 
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against — (figs. 7, 8, 10, and 11) also cpntain pieces 
X 

of' curve 8 extending only over a limited £ range. These 
pieces indicate the values at- which the downwash was re- 
corded. The graphs for c w against — (figs. 7 and 10) 

v 

contain, moreover, as dashed lines the coefficients of the 
"reference measurements , " i.e., in this case of the measure- 
ments with propeller removed. The intersection of these 
straight lines with the curves gives the coefficient of ad- 
vance for thrust equal zero. To the left of this intersec- 
tion the propeller operates as (decelerated) windmill. The 
maximum additional drag in this range is therefore not cre- 
ated with stopped propeller but at a value of u/v located 
much closer to the point for zero thrust, more exactly, at 

the point for maximum torque output. At point — = 0 the 

X 

smaller c v values are on the whole applicable to the pro- 
peller blades in vertical position. 

The polar s, figures 13 and 14, are developed frdm fig- 
ures 7 to 12. They indicate that the lift coefficient at 
equal angle of attack corresponding to the low-wing arrange-, 
merit increases with decreasing coefficient of advance, al- 
though this rise 1b not very important. As the coefficient 
of advance decreases, the c m value increases again. 



II. DOTOWASH MIASTJHBMJENTS 
1. Scope of Measurements 



Tor "wing alone," these measurements extended over an 
angle-of -attack range from a = -4° to a = +15°; for "low 
wing with ideal fuselage" and propeller running, they in- 
cluded a.= 3.15°, a = 6.8°, and a = 10.6°, and for "low 
wing with angular fuselage" over a = -0.6°, +3.16°, 6.85°, 
and 10.6°.' On the model with ideal fuselage, the measure- 
ments were made at a = 3.15.° for five different r.p.m. - 
one -at lero thrust and one in. the windmill range of r.p.m. - 
and at a = 6.85° and 10.6° at one r.p.m, each for approxi- 
mately horizontal flight (c v = 0) . - On the "low wing with 
angular fuselage" the measurement's were made at every angle 
of attack for three r.p.m., which likewise, ranged around 
c w = 0. 
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Thus the measurement was not extended very much into 
the climbing range (high propeller loading), nevertheless, 
it will he seen that extrapolation affords some safe pre- 
dictions concerning the climhing range (figs. 48, 49, 64, 
and 65). For the time being the principal aim was to cre- 
ate a general picture of the flow phenomena around the tail 
with propeller running and different fuselage forms. This 
.also explains our preference for the point-by-point Measure- 
ment with the dual tube instrument which at the same time 
allows accurate averaging. It was also the reason for the 
searching velocity distribution measurement - although only 
on the low-wing model with angular fuselage and only at one 
angle of attack and one coefficient of advance in vicinity 
of the tail (c 7 = 1.0) . 

The downwash measurements were largely effected in a 
transverse plane at £j = 1.0 distance from the wing, ex- 
tending over three to six lateral axes and three vertical 
axes. On the low-wing models they were supplemented by 
measurements on two horizontal exes above or below the fu- 
selage in the plane of symmetry of the model and to the 
right and left of the fuselage at height = 0, although 

the measurements did not include different r,p.m. for all 
axos. Individual reference measurement s , moreover, must be 
obtained by interpolation. On the "wing alone" it further 
included the longitudinal axis at wing height and in the 
plane of symmetry. 



2. Aspect of Downwash -Curve 8 
a. Wing Alone 

Vertical axes. - Figure 5 shows for ct = 6.8° the 
nondimonsional angles of downwash on a vertical axis at 
distance = 1.0 and approximately in the plane of sym- 

metry of the wing at c q = 0.13.. These values may be 

equated to those of the plane of symmetry, because the 
downwash figures do not change within a certain range in 
the transverse direction. Except for the peak, the curve 
resembles that of the rectangular and elliptical wing (ref- 
erence 1) (fig.. 18). A wide range of maximum values Is 
distinctly noticeable in the pressure side flow, i.e., at 
negative values, but not however - as would be expect- 

ed on the basis of the calculation with a simple trailing 
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vortex (reference. 1)* - at approximately wing height and 
the drop of the downwash values toward both Bides of the 
peak is, - contrary to the theoretical- curve for the simple 
trailing vortex, unsymmetrical and greater. The peak of 
the curve' in figure 6 lies (dual-tube record) in vicinity 
of the stagnation point streamline as shown by a relative 
evaluation of the normal axis curves of the earlier meas- 
ured elliptical wing (reference 1), which at the samo time 
included a measurement of the position of the rear stagna- 
tion point streamline. 

To establish the effect of finite wing chord on the 
downwash curves of the vertical axis (the same used in the 
earlier tests) (reference 1) the streamline pattern for air- 
foil No. 387 in two-dimensional flaw was plotted according 
to the Karman-Tref f t z method (reference 6). The lift co- 
efficient was c a = 1.156, corresponding to the circulation 
at wing center with a mean c a value of c a = 1.0 for a 

rectangular wing of 1:5 aspect ratio. The angles of down- 
wash were taken from the streamline pattern. We also com- 
puted these for the same circulation 

. T = c a I t 
a 2 

for the case of the lifting line. Referring the e ^ and 
*l values to a fictitious span of b = 5 t the expression 
then reads: 

€, 57.3 
Ow° ■ 
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The result is shown in figure 15, whore the angles of 
downwash for finite wing chord and the "lifting line" are 
plotted against t^. The curves for the former are not as 

flat as those for- the "lifting line" and drop asymetrical- 
ly. They therefore resemble the experimental curves better 

• The formula on page 32' of reference 1 omits the factor 0.5 
in the second term of the denominator, which conditions ver- 
tical axis asymmetry. But it does not affect the result. 
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especially In the proximity of the wing. But since they 
do not disclose a distinct range of maximum values on the 
pressure side, the asymmetrical course of the downwash 
values for greater wing distances still remains unexplained. 
So, if the simple trailing vortex substituted for the free 
vortex sheet and the finite wing chord fail to give the ex- 
perimentally obtained variation of the downwash values, the 
only thing left is to revort to the vortex sheet. Any 
eventual rolling-up processes are provisionally considered 
subordinate. By "rolling-up" is meant, in accord with 
earlier reports (references 7, 8, and 9) primarily the 
movement, associated with the rolling up of the vortex sheat, 
of the inside lying free vortices away from the plane of 
symmetry of the wing toward the outside and of the inward 
motion of the vortices lying at the edge of the sheet* up to 
the final concentration into two plain separate marginal 
vortices or vortex trains. This omission is made on the 
basis of the change in do7*nwash magnltudo by irregularities 
in lift distributions consistently observed in the present 
downwash studies even at greater distance behind tho wing. 
This ia particularly plain on the lateral axis curvos of- 
figure 5 (dual- tube record). The change in downwash valuo 
is especially pronounced for = -0.2. The curve itself 

is un symmetrical and undulatory. The fluctuations cannot ' 
be ascribed to tho predetermined flow bocause it manifests 
no directional changes according to figuro 15.* It can 
he laid only to the given lift di strihution, which in turn, 
owing to inaccuracies in model fabrication, itself becomes 
un symmetrical . The inference that the rolling-up process 
or the lateral motion of the free vortices is subordinate 
was further concluded from the tests with propeller running 
as they manifested very distinctly, even at greater dis- 
tance from the wing (near the tail) aside froa the twist of 
the slipstream a range of nonuniformly changing downwash 
values extending to the right and left beyond the slipstream 
as compared to "wing alone." 

Applying these facts to the downwash curves of the ver- 
tical axes (fig. o) the' following arguments may be advancod: 
since the outward motion of the free vortices in proximity 
of the plane of symmetry of the wing is negligible they can, 
by sufficient strength, becaune of their small distance from 
the plane of symmetry, develop a verj pronounced effect upon 



*The smoother parallelism of the Jet Is probahly due to the 

employment of the elliptical cone. Tho use of the earlier 

circular cone was accompanied by pronounced directional 
fluctuations. 
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the course of the downwash on the vertical axle lying In 
the"'plane of symmetry (argument advanced "by H. Multhopp) . 
These vortices near the plane of symmetry, moreover, lie, 
as a result of the sinking of the vortex sheet with the 
downwash, below the *i axis and so produce the afore- 
mentioned one-Bided range of high downwash coefficients. 

Further , it may he stated that the marginal portions 
of the vortex sheet do not diminish in the same measure 
as the inside portions. The marginal vortices rather lie - 
as the earlier elliptical wing Btudy (reforence 1) also in- 
dicated - approximately at wing height. The maximum value 
of the downwash component due to the marginal vortices 
therefore lies about on the Cj axis (cf. reference 18). 

The superposition of two assumedly separate theoreti- 
cal downwash curves for marginal and lnisde vortices gives 
the actually unsymmetr leal course of the curves, which, de- 
pending upon the strength of the marginal and inside vor- 
tices - affected by the lift distribution - is varyingly 
distinct . 

According to the foregoing, a fairly good agreement 
obtains between the theoretical and experimental values 
when plotting a theoretical curve for a nonrolled-up vortex 
sheet and then shifting it approximately by the amount of 
the sinking of the vortex shoet. 

Starting with a given lift distribution known from 
reference 10, 11, or 12 we obtain with 

w f 
a w = — — — and k = — 

. v + u r 0 . 

the following expression for the vertical axis in the plane 
of symmetry 



2i y 1 _ € l / 1 1 N \ 
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is current coordinate — i— 

b/2 

circulation at point g 
circulation at wing center 
mean circulation 
vertical interference velocity- 
horizontal interference velocity 
wind velocity 
The wing is assumed as lifting line. 

The lift distribution of the given tapered wing was 
interpolated from the collected data of Tuchs and Hopf (ref- 
erence 11) (fig. 17). The drop in lift distribution at the 
wing tip was approximated with 

r l/a 
JL = 1525 (1 - € ) 

r o 

within the limits e. = 0.95 to 1.0, and the share of this 
range on the downwasn computed by simple approximation 

(square terms disregarded). Jot the range of e q = 0 to 
0.20 the lift distribution was approximated with 

T a 

— = 1 - 0.875 €q and tho integral within e q = 0 to 0.96 
*o 

was graphically definod. In view of the chosen high-dis- 
tance factor e l = 1.0 the denominator term was put as 
before (reference 1) equal to 1. 

The theoretical curve for nonrolled-up vortex sheet is 
shown in figure 6, with the computed curve shifted by the 
amount = -0.2. The result is approximately the same as 

that obtained with the dual tube recorder at a = 6.8°, . . 
while the nondlsplaced curve* computed for the trailing 

•There is no cause for a displacement as the marginal vor- 
tices lie - as Btated - at wing height. But shifting the 
down wash curve computed for the trailing vortex alBO by e- a = 
-0.2, affords, of course, a better agreement with the meas- 
ured values, as the peaks of the curves then are at the same 
height. 



where 

I 

r. 

r o- 
r, 

». 

u, 
V. 



U.A.O.A. Technical Memorandum Uo, -876 13 



vortex ia not even approximately in aocord with the experi- 
mental. This then explains the peak of the curves in fig- 
ure 6. " 

Figure 18 shows the same for the previously measured 
elliptical wing (reference 1) at a = 8.6°. Since 'the po- 
sition of its rear stagnation point streamline in the plane 
of symmetry had also been defined (wake* measurement) , the 
amount Ae^ of the reduction was thUB known. It is Aejj. = 

-0.24 according to figure 19 of reference 1. The peak or 
maximum value of the recorded downwash curve of the normal 
axis lies at = -0.24, thus affording almost perfect 

agreement between peak position and height of vortex sheot. 
If the peak of tho theoretical curve for nonrolled-up Bheot 
is made to coincide with the peak of recorded downwash 
curve, then the shanks of tho curves also coincide again 
approximately. Tho remaining discrepancies "between the 
theoretical and experimental values of figures 6 and 18 are 
probably due to other than the different heights of marginal 
and inside vortices, to the necessary but still not quite 
exactly known correction factors for finite slipstream sec- 
tion for normal axes* Besides, the experimental value is 
higher as a result of the finite chord effect (fig. 16) . 

Prom the foregoing it is seen that " comparatively good 
agreement obtains between theoretical and experimental val- 
ues if the lateral displacements of the free vortices are 
neglected. The vertical displacements (sinking of vortex 
sheet), on the contrary, may not be disregarded. (ThlB 
statement corrects the opposite assumption of the earlier 
report (reference 1)). To be sure, this applies only to 
the region of flow behind the inner part of a wing, that 
is, in the range of the tall. 

Longitudinal axes.- This brings us to the discussion 
of the downwash factors measured on the longitudinal axes. 
Figure 19 presents the curves measured on longitudinal 
axes through the coordinate origin in plane of symmetry 
(dual- tube instrument) at different a, 'along with the- 
oretical curves for the substitute trailing vortex (k = 
0.74) and an "upper" and "lower" limit similar to the , 
original report (reference 1). Of course, the "upper" lim- 
it ia not meant to be interpreted' as in that report. There 
the "upper" limit in accord with Eelmbold's report (refer- 
ence 8) presonted the values obtained with "nonrolled-up 
vortox sheet and elliptical lift distribution, But now 
the "upper" limit applies to those values which are obtained 
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frr nonrolled-up vortex sheet with the lift distribution 
"belonging to predetermined wing. This step was taken since 
it oecame manifest that the "upper limit" of ' potential lift 
distributions on tapered wings can he considerably more re- 
mote from the trailing vortex curve than when distributed 
elliptically and fits the experimental values better. 

How essential this difference 1b may be seen from fig- 
ure 20, which prosents the "upper limits" for the different 
lift distributions over the various wings. Tho expression 
for these curves reads: 

0 

The integral for Cq = 0 to 0.96 was obtained 
graphically, that for e q " - 0.96 to 1.0 mathematically. 
Figure 19 is very much like that obtained previously for 
the elliptical wing. Due to the fact that the nonrolled- 
up sheet affords the best actual values, provided the sink- 
ing of the vortex train is allowed for, a tolerable agree- 
ment of the measured curves with the "upper" limit must 
follow if, instead of the values at e- n = 0 against 

we' plot the maximum values of these measured on the verti- 
cal axes. Plotting in. figure 21 the maximum values of 
the normal axis downwash curves of all recorded angles of 
attack, it is seen that, as in figure S, they lie in prox- 
imity of the upper limit curve. 

Figure 22 presents the corresponding data for all an- 
gles o.f attack of the earlier elliptical wing study (ref- 
erence *1). Tho greater the angle of attack is the closer, 
in both cases, the maximum experimental values with dual- 
tube recorder approach the "upper" limit. On the tapered 
wing, the difference is only about 1°, on the elliptical 
wing only about 0.5°. On the rectangular wing, it should 
bo even less and on the wing with tapered lift distribution 
correspondingly higher. 

Lateral axes .- As example of the .measurements .on the 
lateral axes of "wing alone" at a = 6.8°, see figure 5. 
The marked change in downwash in relation to in con- 

trast to the earlier measurements on the elliptical and 
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rectangular wing has already been pointed out. The lateral 
axle ■ Cjj = -0.2 at- a. = 6.8° * lies, as seen from figure S, 
exactly at height of the maximum downwash values. Thus * 
this lateral axis curve is comparable with a theoretical 
curve for nonrolled-up vortex sheet, because the lateral 
axis lies in the vortox sheet. The mathematical expression 
for it reads „ 



«,(t - € q ) 

1 r_ 



Thin expression also was evaluated graphically. 

Figure 5 shows'- apart from the parallel displacement - 
the good agreement,' thus proving anew that the lateral vor- 
tex motion during the rolllng-up process plays-no essential 
part. 

b) Low-Wing Model with Ideal Fuselage 

First we disouss the downwash on the "low wing with 
ideal fuselage," because the ideal fuselage influences the 
flow of the "wing alone" very littlo only, whence this ar- 
rangement with propeller running may, within a restricted 
angle of attack range, equally be termed "wing with propel- 
ler running," expecially if reflecting that the propeller 
axis lies above the wing. 

- q = Z.I5Q .- Figure 23 shows the results of. eight lat- 
eral-axes at distance = 1.0 for a = 3,15°. This an- 
gle a = 3.15° is distinguished by the fact that the pro- 
peller axis- and the- undisturbed flow direction are exactly 
coincident, that is, subject to a certain yaw only as a re- 
sult of the upf low before the wing. The - coefficient of ad- 
vance is X= 0.2. It also is ■ 

c B = ■ i S .i = 0.34- 

2 T -"prop 
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if S is the drag difference of the reference polar and 
of the polar with h = 0*2. The lift coefficient 1b c a = 

0.915. (The c a rallies in text and diagrams refer to 

"wing alone" at the same a*) 

Takfng the "reference measurement s", "wing alone", and 
"wing with fuselage" by themselves, it is seen that the 
ideal fuselage has caused only on the lateral axis at proa- 
suro-side height c - a = -0.1 a perceptible disturbance in 

downwash of "wing alone" while in the middle at this very 
height the fuselage produces no change in downwash. 

The reason for the little influence of the ideal fu- 
selage is that the lift distribution at a = 3.15° has 
been very little affected by the added fuselage. 

The effect of propeller running is best presented by 
the lateral axis measurement at height £^ = 0.0. The slip 

stream twist in the downwash is plainly noticeable. The 
differences due to the twist are of about the same magni- 
tude of ±4°.. The same is approximately true for the lat- 
eral axis curve at height =-0.1, if it is assumed that 

the slipstream has removed the hole in the downwash distri- 
bution of the reference measurement "wing with fuselage" 
of this lateral axis (dashed part of the curve). On con- 
necting (fig. 24) the centers of the zones of maximum and 
minimum downwash, the connecting line meets the plane of 
symmetry of the model about in point = -0.03. This 

point should coincide with the slipstream center because 
there is scarcely a lateral movement of slipstream (cf. 
fig. 25). 

From the accord of the ct^ points of the "reference 

model" and of the "model with propeller running" at € = 0 

(fig. 23) it may further be inferred that- the slipstream 
center line at a = 3.15° and X = 0.2 adapts itself to 
the flow prescribed by the model without propeller. It is 
therefore neither Bideways, upward, nor downward deflected. 
The answer to the question of validity for any other X 
values or propeller loads is found in figure 25. According 
to it an increasing r. p.m. is followed by a Blight lateral 
slipstream deflection to the left and - conformably to the 
rising circulation - downward. The opposite tendency is 
shown by the slipstream if the propeller windmills. 
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As .to the course of the dawnwaBh on the lateral axis 
at height = 0,0, that la, at .height of, -slipstream axis, 

figure 23 further manifests:, aside from the already men- 
tioned zone in which - though reduced "by the wide fuselage 
and the wing acting as guide apparatus - the twist of the 
slipstream occurs two other zones may he distinguished. 
They lie to the right and left of the slipstream approxi- 
mately between ±eq = 0.14 to. 0.45. In these transition 

zones there is a marked rise of downwash over the right 
half of the wing and a somewhat lesser downwash decrease 
over the left half. These deviations have therefore the . 
opposite signB of those on the same half due to the twist. 
As the sense of rotation of the slipstream changes the de- 
viations' in the transition zones themselves change Bigns. 
The counter-rotating downwash changes to "both sides of the 
slipstream are therefore directly related to the slipstream 
rotation (fig. 25). 

The total downwash zone of the lateral axes disturbed 
by the propeller - that 1b, into which the disturbances 
enter as a result of the axial supplementary velocities in 
the slipstream -1b on the average about twice as great as 
the propeller diameter, while according to Xoriing (reference 
13) this zone should amount to about four times the propel- 
ler diameter. Strictly speaking the disturbed curve ap- 
proaches the undisturbed curve asymptotically, although the 
limit can be fairly well gaged by the eye. 

Mention should also be made of the attempt at simple 
qualitative derivation of this downwash distribution from 
the lift distribution modified by slipstream twist 'and sup- 
plementary axial slipstream velocity. But it was impossi- 
ble .to obtain an agreement between the -theoretical and the 
experimental downwash distribution. 

Figures 26 and' 27 (vertical axes) complement figure 
23. They indicate that the downwash changes relative to 
the reference curves on the pressure side are curiously ' 
still traoeable at great distance from the wing, but dis- 
appear at shorter distance on the suction side. The same 
is seen in figure 28, which illustrates the angle of down- 
wash at height 6^= ±0.2 on two longitudinal axes in the 
plane of symmetry. 

a. = 6.8° ■- Tlgure 29 presents the resultB of downwash 
measurements on ■ the . lateral axes at distance' = 1.0 for 

a = 6.8°. Hereby "X = 0.183 and a correspondingly higher 
thrust coefficient than at a = 3.15°. It is c fl = 0.436 
and c a = 1.18. 
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On comparing figure 28 with figure 29 it will be found 
that "the curves, both the reference curves and those taken 
with propeller running are remarkably alike for the same 
height position, with exception of e ^ = -0.2, for which 

the statement scarcely holds. 

The latter might be associated with the fact that the 
height of £h = -0.2 at distance = 1.0 is exactly the 

height of the free vortex sheet (figs. 30 and 31; also fig. 
6). The reference curve of "wing with fuselage" at height 
z h = _0.2 in figure 29 indicates Jags within = -0.25 

to +0.25, which probably are traceable to a nonuniform 
lift distribution over the wing roots or to the lateral 
keels of the fuselage-wing fillets. On this unstable curve 
the downwash changes, due to the slipstream effect, are 
built up. The last cited changes resemble those of the 
corresponding lateral axis curve at a = 3.15°, although at 
a = 3.15° the lateral axis for = -0.2 already Hob 

below the free vortex sheet. 

The similarity of the downwash curves of figures 23 
and 29 is further restriced by the fact that at increasing 
a the slipstream becomes smaller, as exemplified especially 
by the lateral axlB curves for = 0 in figures 23 and 29. 

The reduction was at the exponse of the right half of the 
superposition due to the twist. Figure 32 (lateral axis 
curves at a = 10.6°) manifests the same phenomenon. It is 
probably associated with the increasing yaw of the propeller 
as a is raised* With approximately horizontal propeller 
setting the right-side blade angle is smaller than that of 
the left-side blade, as a result of which the centroidal 
thrust distribution shifts toward the left (cf. fig. 25). 

The downwash curves for the vortical axis in figures 30 
and 31 do not confirm the statement made for a = 3.15°, 
namely, that the slipstream effect on the pressure Bide Is 
still traceable at great distance away from the wing. How 
it rather applies to the suction side, especially to the 
right half of the wing outside of the slipstream. 

q = 10.6°. - The lateral axis curves of figure 32 (a = 
10.6°, c a = 1.411, * = 0.1655, c 8 = 0.642) again dis- 
close a certain resemblance - as already indicated - with 
the corresponding curves at a = 3.15° and a = 6.8° , al- 
though accompanied now by stronger deformations, in accord- 
ance with the approach to c a ^ and the pronounced yaw 
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of the propeller axis. At = 0.0 and € a =-0.1, that 

1b, relatively remote from the free vortex Bheet, which it- 
self lies at" =-0.255, the resemblance is still great- 
est both as regards the reference curves and the curves for 
the models with propeller running. But on' approaching the 
free vortex sheet the reference curves as well as the down- 
wash curves for the models with propeller running change 
quite considerably. If the symmetrical variation of the 
reference curve at = -0.2 is finally explainable with 

the markedly changed lift distribution due to the fuselage 
at great a' (reference 14) - a lift' increase over the 
width of the fuselage may be deduced -an analysis of the 
downwash curve of the model with propeller running 1b 
scarcely possible yet for = -0.255 (free vortex Bheet). 

The vertical axis curves of figure 33 largely resemble 
those -of figure 30, bo that fundamentally they offer nothing 
new. 

c) Low-Wing Model with Angular fuselage' 

Figures 34 to 37 present the downwash curves for the 
lateral axis of the low-wing model with angular fuselage at 
a = -0.6°, 3.15°, 6.8°, and 10.6°. Comparing these first 
with those for the model witn ideal fuselage we find: that 
the reference measurements of the low-wing models without 
propeller running differ considerably, as soon as they are 
not too far away from the free vortex sheet, even while a 
is still low. While on the low-wing model with ideal fuse- 
lage - apart from the greatest angle of attack a = 10.6°, 
where the downwash increases over a small region - the down- 
wash is substantially the same as on "wing alone" - the fu- 
selage of the low-wing model with angular body manifests a 
marked decrease in downwash over a comparatively great width. 
At the same time a vory small but -7»rticularly deep zone - 
for example at a = 3.15°, 6.8 a , and 10.6° for € h . = 0.0 - 

is repeatedly noted next to the usually comparatively wide 
and deep upwind tone (as against "wing alone"). 

Figure 38 presents the dbwnwash values of all reference 
measurement b for the plane of symmetry and = 0. At this 

height only a = 10 . 6° 1b without abnormal change relative 
to "wing" alone" because at a = 10.6°, = 0 is very re- 

mote from the vortex sheet. 

Examining the reference measurements of the higher a 
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In figures 36 and 37, lying approximately at = -0.255 

(level of vortex sheet) - at a = 6.8° It lies at = 
-0.2, at a = 10.6° at e- a - -0.26 - the change In down- 
wash approximates 7° to 8° as compared to "wing alone" while 
these discrepancies are surprisingly uniformly distributed 
over a range from 6q = -0.175 to £q = +0.175. Tarther 

away from the vortex sheet this distribution is not so sharp, 
but rather more equalized. 

The portrayed downwaBh distribution of the reference 
curves is again subject to the effects caused by the pro- 
peller running. The differences between "reference meas- 
urements" and those with "propeller running" are quite sim- 
ilar on both models for lateral axes not too close to the 
vortex train. Although this resemblance is not general, 
it can be observed repeatedly, for example, at a = 3.15° 
with = 0.0 or -0.1, at a = 5.8° with e h = 0 or 

±0.1 and at a = 10.6° with tjj - 0 or -0.1. If, however, 

the lateral axes are on a level with the vortex surface, 
there is neither similarity of the course of discrepancies 
nor of the downwash curves with propeller running. This 
might be associated with a filling up of a vortex sink 
through the running propeller caused by the angular fuse- 
lage in tlie lift distribution of the low-wing model. This 
might also account for the greater average supplementary 
downwash values on the model with propeller running (sec- 
tion D, II, 3) . 

The measurements on lateral axes with c- = 0 at dif- 
ferent revolutions (figs. 39 to 42) disclose in contrast 
to figure 25 (low-wing model with ideal fuselage, a = 
3.15°), that the changes to right next to the zone of 
twist are surprisingly small. At the left they disappear 
altogether, while in figure 25 at least a slight change 
could be detected. 

The vertical axis measurements at a = 5.8° in fig- 
ures 43 and 44 manifest similarity with the corresponding 
measurement only on the left-hand side ( £q = -0,12)' of the 
model with ideal fuselage (fig. 30). 

The plot of the "lines of equal angle of downwash" of 
the low-wing model with angular fuselage at a = 6.8° (fig. 
45) resembles that of the model with ideal fuselage (fig. 
24, a = 3.15°). From the plot, figure 45, together with 
figure 1 (side view of low-wing model) it is again observed 
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that the slipstream adapts Itself In some fashion to the 
fie* pattern prescribed "by the wing. 

The longitudinal axis measurements at a = 6.8° (figs. 
46 and 47) resemble those of the model with Ideal fuselage 
(fig. 28) at a = 3.15°. 

3. Magnitude .of Mean Supplementary Downwash . 

Sue to Propeller Slipstream 

So far the argument did not include the resultant mean 
values of the downwash, whereas the supplementary downwash 
valuosi especially those caused by propeller running, are of 
special significance. . 

. = -0.3 to £q = +0.3. - Tigure 48 presents for the 

"low-wing model with Ideal fuse lage " the planimetrically 
obtained mean downwash values A of the lateral axis ' 

curves with = 0,0 for the range' of €q = -0.3 to +0.3 

plotted against X, c B , and c a , with the parameters a. 
a. and X« 

Beginning with curve & a w = f (*) parameter a s= 

3.15°, the 5 test points - 1 at zero thrust, another with 
decelerated propeller - . 11-e except for minor scattering on 
a straight line. The latter 1b drawn so a 8 to- give at X = 
0.296 - the X value for zero thrust according to the drag 
measurements of figure 7 - zero supplementary downwash. 
Hence the one-sided scatter of the points at zero thrust and 
in the decelerated zone. The choice of location of the 
straight line is perhaps' not altogheter correct, as It also 
is conceivable that with zero outward thrust the propeller 
actually produces thrust, but which is absorbed by the in- 
creased drag induced by the slipstream. Aside from the 
point "zero thrust" that for ."torque equal to zero" is also 
essential. The curve must apparently lie between the two 
points. But as the scatter - at least within the range of 

A ctw = 0 - remains within measuring accuracy, we proceeded 
in the described manner. The straight lines were - drawn • 
through the same point with the coordinates "ZTSw = 0 and 
X = 0,296 for ffaJJ = f (X) with the parameters a = 6.8° 

and 10.6°. These straight lines allow a convenient and ad- 
missible extrapolation In the climbing flight range, or at 
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around X = 0.14 with the prescribed ■ propeller . Then, as 
Is seen, at a = 6.8° ■>■ approximately resembling the angle 
of attack for climb - the supplementary downwash amounts 
to only about 0.80°. Here c a = 0.8. This 0.80° corre- 
sponds to 10 percent of the prescribed average for the ref- 
erence model "wing with fuselage." 

The supplementary mean angle of downwash A a* w& e 

also plotted for X = 0.15 and X = 0.2 as parameter 
against the lift c a of the model "wing with fuselage and 
propeller running." The relation observed in the explored 
c a range is again approximately linear. The sharp rise of 

A a w with increasing c a is probably associated with the 
simultaneously increasing tilt of the propeller axis. 

The curves A aw = f ( C B ) are slightly parabolic. 

Figure 49 presents the same pictures as figure 47 for 
the low-wing model with angular fuselage. On the latter 
model the supplementary a aw values are materially In- 
creased through the running propeller, even though it is 
still far from the order of :iagnitude arrived at by another 
source (reference 15). ffith X = 0.14 the supplementary 
angle of downwash is A a T = 1.5° at maximum a. As to fig- 
ure 49, it Bhould be noted that at small a the departure 
from the plotted curves is especially groat. The measure- 
ments are not extensive enough to permit of more accurate 
predictions for small a. 

Figures 50 and 51 indicate the manner in which the 
supplementary downwash created by the sllpstroam is govornod 
by the height level of the tall. The peak of the curves 
lies approximately on a level with the free vortex sheet. 



4. Total Mean Angle of Downwash 

Supplementary to figures 50 and 51, figures 52 and 53 
show the mean angle of downwash of the reference models 
plotted against the height level of the tail. It will be 
noted that in stability studies the height level of the 
tail is apparently of prime importance (cf. section F) . 

Figure 54 shows the mean angle of downwash for all ref- 
erence measurements, averaged for Cq = -0.3 to +0.3 
against a. and thus illustrates . the body effect, the tail 
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"being always at level = 0.0 (wind-axis system) . It 

paTtticularly reveals that the ideal fuselage within the 
studied a range oreatea a small additional dowriwaah as" 
compared to "wing alone" and the angular fuaelage a fairly 
atrong upwind. 

Tigurea 55 and 56 ahow the total mean angle of down- 
wash for both low-wing modela plotted againat a with the 
parameters X = 0.15 and 0.2. 

Tigurea 57 and 58 bring the aame pr eeentatione of 
with the parameters c w = 0 and "full throttle." An. 

Identical "full throttle polar" as shown by dotted curve 
in figures 13 and 14 was aasumed.* The curves for c w = 0 
and full throttle are not materially different. 

5. Comparison of the Mean Downwaah as Obtained by 

Detector and Point-by-Polnt Measurement 

For the case of downwaah distribution aa exemplified 
by. the low-wing model with angular fuaelage (without pro- 
peller running at a = 10.5° and £ t = -0.2 (fig. 37), 

the mean angle of downwaah as would be obtained with a rec- 

t H 

tangular detector vane of aspect ratio — = 1:3 (1:4) and 

span bg = 0.3 b (0.4 b) , was determined mathematically. 

The -calculation followed Jtuithopp's method of lift distri- 
bution calculus under the assumption that the change in 
wind direction can be equated' to a twiBt of the detector- 
vane and that the air speed Is constant. The results were' 
aa f oIIowb: 



Planlmetrically defined mean 
value of the prescribed 
(measured) downwaah distri- 
bution 


b 




Mean downwaah aa com- 
puted' With detector 
vane- 


t ..." 

6.83° 


0..3 


1:3 


■ 6.16° 


7.58° 


0.4 


1:4 


7.31° 



*The full throttle polar s in figures 13 and 14 present only 
approximate values. .... 
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Measurement with detector vane accordingly givea a 
lower figure than with point-by-point measurement. In a 
comparison of angles of downwash defined according to dif- 
ferent test method this fact should be borne in mind. 



X. VELOCITY DISTRIBUTION IJT THE SLIPSTREAM 



Figures 59 to 61 show the velocity distribution in 
the slipstream of the low-wing model with angular fuselage 
at a = 6.8° and the coefficient of advance X = 0.1865 
at Ei = 1.0. Again the lateral axis measurement indicates 

a stronger thrust on the left- than on the right-hand side. 
The slipstream center lies approximately at = 0.03. 

Figure 62 illustrates the velocity distribution averaged 
over the range of e q = -0.3 to +0.3 against c n . The 

horizontal tail surfaces of an airplane on passing through 
the slipstream are, if the angle of attack is changed, on 
the average in a wind of constant mean dynamic pressure, 
unless they reach the jet boundary or emerge from it. 

In the velocity distribution test, the static pres-' 
sure was measured separately from the total head. For' the 
latter, a pitot-venturi was used of directional insenBi- 
tivity within a range of ±45°. The static tube was turned 
into the previously measured flow direction. 

Our velocity d i Btribution measurements in the slip- 
stream were confined to the low-wing model with angular 
fuselage and a = 6.8° and X = 0.1865, although for 
stability .studies (section F) , the knowledge of the addi- 
tional velocity in the slipstream - whose mean value re- 
ferred to lateral tail axis is according to figure 62, 
approximately unaffected by the height level of the tail - 
of both models and at several a &nd X is necessary. 
These additionally needed values were mathematically approx- 
imated on the basis of an assumed dependence of X but not 
of a or the model form. 

The additional axial velocity in the slipstream far 
downstream .from the propeller is 



k H (l + 2 X) 



v 



1 



1 
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for a "propeller . with minimum energy loss" (reference 16). 
Thi.B , formula ,is.. indicated by the curve in figure 63. 

The dependence of X ' and k B being assumed as sho.wn in 
figure 4 on the basis of the polar measurement (dotted 

curve). Through the moan value of — obtained for tho 

• q o . 

low-wing model with angular fuselage at a = 6.8° and 
7v = 0.1865 we then drew a curve which results from affine 
variation of curve • Tne ensuing curve. (2) presents 

approximately the dependence of ^^/<l 0 on ^ for the in 

vestigated low-wing models. 

T. APPLICATION OJ Tttl HISULTS TO STABILITY INVESTIGATIONS 

In a statically longitudinally stable airplane, the 
horizontal tail surfaces must, if the angle of attack of 
the airplane is changed, produce a restoring moment, that 

dll 

is, — - must be positive. The moment is 
da 

q HL 

U HL = a HL const. 

1o 

with 

a HL = < a aer " + P> 

as the angle of attack of the .horizontal tail surface, if 
a a r represents the angle of attack of the wing referred 

to zero lift direction and the zero lift direction of the 
horizontal tail surfaces relative to the zero lift direc- 
tion of the wing has 6 as angle of setting. The orite«i 
rion for the stability then reads as 

— m ( 1 A aw N ) q H*» 
d a * d a ' q 0 

q HL . ... 
provided = const. 

q o 
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q HL 

This factor — — 1b constant if X 1b a constant, for ex- 
ample, for the "reference measurement" at which — may he 
put = 1. 

Considering, on the contrary, polars with the param- 
eters "c w = 0" and "full throttle" then 

q HL 

— — — > 1 and equally dependent on a. The procedure in these 
q ° q HL 

cases was to put = 1 and use a smaller angle of down- 

*o 

wash a * which in a way produces the actually greater re- 
turning moment. The expression for a w * reads: 



- a aer " a HL 



*o 



or 



Ow* = a aer - (a aer - a w + p; -j— = (a^ - B) — — 



Now the stahillty criterion reads as 



d M _ ^ d q w * 

da da 



It should he observed that the height level of the 
tall is different at the different angles of attack. In 
the following example, it is assumed at e- n = +0.1 for 

a = 0°. Every angle of attack has a different fixed 

h 

in wind direction. figures 50 to 53, which show e ^ by 

dot and dash can he used to establish the relation of 

A Ct^ to X (and c a ) (figs. 64 and 65) from which the re- 
lated values of a^. and a for body-flxod horizontal tail 



S.A.C.A. Technical Memorandum .No . 876 27 



surfaces with, paraiaeters X = const., c w = 0 and: full 

throttle may he read. .The related. X ,value of an7 other 
pair of ' values was obtained from the polar diagrams or 
from figures 7 and 10. In "both tail arrangements, the hor- 
izontal tall surface does not move out of the slipstream 
as a closer examination of the lateral axis downwash curves 
disclosed (fig s. 23, 29, 32, 34 to 37), bo that at last 

q HL 

with the — values of figure 62 the graphs of the rela- 
q ° 

tlonshlp between aw* and a could be developed. 

Figure 66 presents such a graph for the low-wing model' 
with angular fuselage and body-fixed tail. 

d d ■ 

Figure 67 shows = f(a). For comparison the stabll- 

d M 4 a 

lty values were plotted also for constant c h = 0 (fig. 

da 

68). This arrangement is termed "wind-fixed" as against the 
normal "body-fixed" system. The graphs disclose the follow- 
ing: 

d M 

a) On a wind-fixed horizontal tall surface, the — — 

d a 

values are usually higher than on one that Is body-fixed. 
This result can be explained w 1th the fact that with wind- 
fixed arrangement the horizontal tall surface Is far removed 
from the vortex sheet and this distance Increases with the 
angle of attack. 

b) Tor wind-fixed horizontal tall surface, all curves - 

so long as c a <ls not" approached - lie above the refer- 
a max 

ence curve; or In other words, there is In every case a sta- 
bility gain relative to the reference model. On approaching 
Ojoax the curve for "full throttle" drops below the reference 

curve, but then very considerably.. On the body-fixed hori- 
zontal tail surface on the other hand, the likewise very 
steep, full- throttle curve meets the reference curve at a 
much lower angle of attack (a = 6.8°); then the stability 
is deficient In the climbing range. 



From this it becomes apparent that the stability of an 
airplane can be Improved if, in order to change the angle of 
attack, the wing la rotated with respect to the body' rather 
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than the whole airplane.* It 1b possible that on account 
of the unchanged position of fuselage and slipstream a fur- 
ther improvement In stability can he effected, because with 
running propeller a portion of the additional downwash is 
probably due to the turning of the slipstream and the lift 
distribution at groater wing incidence relative to the fuse- 
lage acts with increasing a in the Bense of a downwash re- 
duction - through the created sink In the lift distribution. 

Tigure 69 presents the change in pitching moment of the 
low-wing model with ideal fuselage for the case of body-fixed 
horizontal tail surface. 

This presentation affords a comparison of the two low- 
wing models as regards stability (figs. 67 And 69). The ref- 
erence measurements give an appreciably higher stability to 
the modol with angular fuselage. The curves with the param- 
eters "c = 0" and 11 X = const. = 0.1865" manifest no red- 

If 

ical departure. Thus the drawback of the ideal fuselage In - 
the comparison of the reference measurements is approximately 
neutralized again. But for the full- throttle polar the model 
with angular fuselage is distinctly superior, especially at 
large angles of attack. This finding which is in accord 
with experience in actual practice (reference 17) is partic- 
larly remarkable in viow of the fact that the additional an- 
gle of downwash A a ff due to the slipstream is greater on 

the model with angular fuselage than on that with ideal fu- 
selage. It is also worthy of note that an identical pair of 
values of c a and c w on the different low-wing models had 

a different X and k Q value. In other words: the greater 
stability of the model with angular fuselage is obtained at 
the expense of power loss. The same holds true for the mod- 
els without propeller running, as seen from the polars of 
figures 2, 13, and 14. 



Translation by J. Vanier, 
National Advisory Committee 
for Aeronautics. 



♦The effect of angle-of -attack change could also be produced 
by slots and flaps on wings moved about the spar axis instead 
of with respect to the fuselage. Perhaps a slotted wing 
might be developed whose slots would be merely turned in 
place of an elevator deflection. 
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Tigure 1.- Investigated forme of wings and fuselages . 

Tigure 2.- Polars of the figure 1 models without propeller. 

Tigure 3.- The employed 2-blade propeller. 

Tigure 4.- Propeller performance characteristics. 

Tigure 5.- Oownwash on superposed lateral axes in tail 
proximity (theory and different test methods). 

■ 

Tigure 6.- DownwaBh on a vertical axis in proximity of the 
tall (theory and various test methods). 

Tigure 7.- Brag coefficients of low-wing model -with ideal 
fuselage and propeller running. 

Tigure 8.- Lift coefficients of model with ideal fuselage 
and propeller running, 

Tigure 9.- Pitching moment coefficient of model with idoal 
fuselage and propeller running. 

Tigure 10.- Drag coefficients of model with angular fuselage 
and propeller running. 

Tigure 11.- Lift coefficients of Jiodel with angular fuselage 
and propeller running. 

Tigure- 12 .-■ Pitchlng-moment coefficients of model with angu- 
■ lar fuselage and propeller running.. ■ 

Tigure 13.- Polars for model with ideal fuselage and propel- 
■ ler running. 

Tigure 14.- Polars of low-wing model with angular fuselage 
and- propeller running. 

Tigure 15.- Effect of finite wing chord on downwash. 

Tigure 16.- Directional changes within the open Jet of the 
"'small tunnel" of the AVA., Oottlngen (elliptical cone). 

Tigure 17.- Lift distribution, of the studied quasi-taper wing 

Tigure 1.8.- Downwash on a vertical axis of the elliptical 
wing of earlier tests (reference 1). 
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Figure 19.- Downwash on longitudinal axis near the plane 
of symmetry (dual-tube record). 

Figure 20.- Upper limit of downwash for different wing 
contours. 

Figure 21.- Maximum downwash on tapered wing (dual-tube 
record) . 

Figure 22.- Maximum downwash on elliptical wing in earlier 
teat (reference 1). (Dual-tube record.) 

Figure 23.- Angle of downwash. on lateral axes at different 
height levels (low-wing model with ideal fuselago and 
propeller running; a = 3.15°; c a = 0.915; c , = 1.0; 
X = 0.203). L 

Figure 24.- Lines of equal angle of downwash (low-wing 
model, ideal fuselago, propeller running; a = 3.15°; 
c a = 0.915; e l = 1.0; X = 0.203). 

Figure 25.- Angle of downwash on .the lateral axis at height 
level of wing for different coefficients of advance 
(low-wing model, ideal fuselago, propeller running; 
a = 3.15°; c a = 0.915; Cj = 1.0; € h = 0). 

Figure 26.- Angle of downwash on a vertical axis in- plane 
of symmetry (model with ideal fuselage and propeller 
running; a = 3.15°; c_ -- 0.915; € i = 1.0; € = 0; 
A = 0.203). 4 

Figure 27.- Angle of downwash on two vertical axes through 
the slipstream (model with ideal fuselage and propeller 
running; a = 3.15°; c a - 0.915; Cj = 1.0; X = 0.203). 

Figure 28.- Angle of downwash on two longitudinal axes in 
plane of symmetry (model with ideal fuBolage and propel- 
ler running; a = 3.15°; c a = 0.915; £q = 0; A = 0.203). 

Figure 29.- Anglo of downwash on lateral axes at dlfforent 
height levels (model with ideal fuselage and propeller 
running; a = 6.8°; c ft = 1.13; = 1.0; \ = 0.183). 

Figure 30.- Angle of downwash on two vertical axos through 
the slipstream (model with ideal fuselage and propeller 
running; a = 8.8°; c a = 1.18; e ^ = 1.0; \ = 0.183). 

Figure 31.- Angle of downwash on two vertical axes through 
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the disturbed downwaah zones left and right of slipstream 
,. „_(model with ideal .fusolage and propeller running; a = 
6.8°; c a = 1.18; c l = 1.0; X = 0.183). 

yFigure 32.- Angle of downwash on lateral axes at different 
V height levelB (model with ideal fuselage, propeller run- 
ning; a = 10.6°; c a = 1.411; £j = 1.0; X = Q.1655). 

Figure 33.- Angle of downwash on two vertical axes through 
the slipstream (model with ideal fuselage and propellor t 
running; a = 10.6°; c a = 1.411; €j = 1.0; X = 0.1655). 

^Figure 34.- Angle of downwash on lateral axes at different 
height levels (model with ideal fusolage, propeller run- 
ning; a = -0.6°; c ft = 0.635; = 1.0; X = 0.222). 

•J Figure 35.- Angle of downwash on lateral axos at .different 
position levels (low-wing model with angular fuselage 
and propeller running; a = 3.15°; o a = 0.915; e, = 1.0; 
X = 0.206). . 

J Figure -36.- Angle of downwash on lateral axes at different 
position levels (low-wing model with angular fuselage 
and propeller running; a = 5.8°; c a = 1.18; e, = 1.0; 
X = 0.1885) . 

./Figure 37.- Angle of downwash on lateral axes at different 

position levels (low-wing -model with angular fuselage and 
propeller running; a = 10.6°; c = 1.411; €, = 1.0; 
X = 0.1705). .■ 

Figure 38.- Amount of angle of downwash in a point of the 
plane of symmetry at wing level of the models wl thout 
propeller running (e^ = 0 (wind-fixed); ej = 1.0). 

/ Figure 39.- Angle of downwash on lateral axis at wing level 
for different coefficients of advance (low-wing model, 
angular fuselage and propeller running; a = -0.6°; 
c ft = 0.635; e l = 1.0; e h =0). 

/Figure 40 v - Angle of downwash on lateral axis at wing level 
for different coefficients of advance (low-wing modei, 
angular fuselage and propeller running; a = 3.15°; 
c a = 0.915; c t = 1.0; = 0). 

/ Figure 41.- Angle of downwash pn lateral axis at wing level 
for different coefficients of advance (low-wing model, 
angular fuselage and propeller running; a = 5.8°; 
c a = 1.18; c t = i.O; e h = 0). 
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Figure 42.- Anglo of downwash on lateral axis at wing level 
for different coefficients of advance (low-wing model, 
angular fuselage, and propeller running; a = 10.6°; 
c a = 1.411; ci = 1.0; c h ' = 0). 

Figure 43.- Angle of downwash on a vertical axiB in the 
plane of symmetry (low-wing model, angular fuselage, 
and propeller running; a = 6.8°; c = 1.18; c a = 0; 
X = 0.1885). * 

Figure 44.- Angle of downwash on two vertical axoB through 
slipstream (low-wing model, angular fusolage, and pro- 
peller running; a = 6.8°; c a = 1.18; c. = 1.0; 
X = 0.1885) . " 1 

Figure 45.- Linos of equal angle of downwash (low-wing 
uodel, angular fuselage, and propeller running; a - 
3.8°; c a = 1.13; £j = 1.0; X = 0.1385). 

Figure 45.- Curve of angle of downwash on two longitudinal 
axes in plane of symmetry (low-wing model, angular fuse- 
lage, and propoller running; a = 6.8°; c a = 1.18; 
€q =0; X = 0.1835). 

Figuro 47.- Angle of downwash on two longitudinal axes at 
wing level through the propeller slipstream (low-wing 
model, angular fuselage, and propoller running; cc = 
6.8°; c a = 1.18; £ a =0; X = 0.1885). 

Figure 43.- Mean additional angl6 of downwash created hy 
the slipstream (low-wing model, ideal fuselage, and pro- 
poller running; = 0 (wind-fixed); Cj = 1.0; c q 

from -0.3 to +0.3) . 

Figure 49.- uean additional angle of downwash created by 
the slipstream (low-wing model, angular fuselage, and 
propeller running; c n = 0 (wind-fixed); = 1.0; 

€q ' from -0.3 to +0.3) . 

Figure 50.- Mean additional angle of downwash due to slip- 
stream against tail level (low-wing model with ideal 
fuselage and propellor running). 

Figure 51.- Mean additional anglo of downwash due to slip- 
stream against tail level (low-wing model with angular 
fuselage and propeller running). 

Figure 52.- Mean angle of downwash of low-wing model with- 
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out propeller against height level of tall (low-wing 
model with ideal fuselage; 1.0"; Cq from -0.3 to 

+~0.37 reference" measurement) .' 

figure 53.- Mean angle of downwash of low-wing model with- 
out propeller against height level of tail (low-wing 
model with angular fuselage; = 1.0; e q from -0.3 
to +0.3; reference measurement;. 

figure 54.- Mean angle of downwash of low-wing model with- 
out propeller against a (c^ = 0 (wind-fixed); cj = 
1.0; Cq from -0.3 to +0.3). . 

figure 55.- Mean angle of downwash of low-wing model with 
propeller running against a (low-wing model ideal fu- 
selage = 0, wind-fixed; - 1.0; e q from -0.3 

to + 0.3) . 

figure 55.- Mean angle of downwash of low-wing model with 
propeller running against a (low-wing model, angular 
fuselage; c h = 0 (wind-fixed); = 1.0; € q from 

-0.3 to + 0.3) . 

figure 57.- Mean angle of downwash of low-wing model with 
propeller running against a (low-wing model, ideal 
fuselage, e h = 0 (wind-fixed); ci = 1.0; c _ ^from 
-0.3 to +0.3). * 

figure 58.- Mean angle of downwash of low-wing model with 
propeller running against a (low-wing model, angular 
fuselage; c ^ = 0 (wind-fixed); = 1.0; c q from 

-0.3 to +0.3). 

figure 59.- Telocity distribution In slipstream (low-wing 
model, angular fuselage, propeller running; a = 6.80°; 
c a = 1.18; e t = 1.0; c h = 0; X = 0.1865). 

figure 60.- Velocity distribution in slipstroam (low-wing 
model, angular fuselage, propeller running; a = 6.80°; 
c a = 1.18; = 1.0; Cq = 0; > = 0.1865). 

figure 61.- Lines of equal velocity slipstream (Low-wing 
model with angular fuselage and propeller running; a « 
3.8°; c a = 1.18; e l =1.0; \ = 0.1865). 

flguro 62.- keaa dynamic pressure distributed in slipstream 
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(low-wing model, angular fuselage, propeller running; - 
a = 5.8°; c a = 1.18; £j = 1.0; * = 0.1865). 

Figure 63.- Supplementary axial velocity in slipstream. 

figure 64.- Mean additional angle of downwagh due to slip- 
stream (low-iring model, ideal fuselage, propeller run- 
ning; eh = "body-fixed; e 1 = 1.0; e_ fro-i -0.3 to 
+0.3). 1 q 

Figure 85.- ieac additional angle of downwash due to slip- 
stream (low-wing model, angular fuselage, propeller run- 
ning;. = body-fixed; = 1.0; from -0.3 to 

+0,3). 

Figure 66.- Apparent angle of downwash against a (low- 
wing model with angular fuselage and propeller running; 
ejj = body-fixed; = 1.0; £ q from -0.3 to +0.3). 

Figure 67.- Stability coefficients (low-wing model; angular 
fuselage, propeller running; e n = "body-fixed; e, = 
1.0; €q from -0.3 to + 0.3). 

Figure 68.- Stability coefficients (low-wins; model; angular 
fuselage, propeller running; = 0 (wind-fixed); 

€ l = 1.0; e q from -0.3 to +0.3). 

Figure 69.- Stability coefficients (low-wing model with 
ideal fuselage and propeller running; = body-fixed; 

= 1.0; c_ from -0.3 to +0.3). 
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Figs.24,25,26,27,28 
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Figure 27 
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Figs. 49,50. 51. 52, 53, 54 
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